Background: Rabies is fatal in nearly 100% of cases, making post-exposure prophylaxis (PeP) a required measure for preventing mortality. currently, the rabies vaccination regimen requires at least three to five clinic visits, with vaccination and transportation costs being very high. This study assessed the safety and efficacy of the 2-1 intramuscular (IM) regimen for rabies immunization with the goal of making rabies prophylaxis more economical.
Introduction
Rabies is an acute infectious disease with a mortality rate of nearly 100%, which results in almost 55 000 deaths per year with more than 95% of these deaths occurring in Asia and Africa. New rabies cases arise most frequently in India, followed by China. 1 In China, over 2000 new cases of rabies have occurred annually in recent years, and rabies has become a serious public health problem. 2 Prompt post-exposure prophylaxis (PEP) is the most important measure for preventing and controlling rabies infections. For people exposed to animals carrying the rabies virus, PEP consists of wound cleansing, rabies vaccination, and passive immunization with rabies immune globulin (RIG) if necessary. 3 Throughout the world, approximately 150 million individuals receive PEP each year, with India and China accounting for the largest numbers of these immunizations. 1 In China, approximately 12-15 million people receive immunization after exposure to rabies each year, which causes enormous economic and social burdens, including direct economic costs of $45-50 million and indirect economic costs that cannot be readily estimated. 4 Since the development of the human diploid cell vaccine (HDCV) for rabies in the 1960s, 5 countries around the world have engaged in research and development initiatives aimed at developing vaccines with lower production costs than the HDCV but with similar safety and efficacy profiles. Currently, the World Health Organization (WHO) has recommended the use of cell 
Making rabies prophylaxis more economical
Immunogenicity and safety results from a preliminary study using a 2-1 intramuscular regimen in healthy volunteers (1) The Essen regimen of five intramuscular (IM) injections; (2) the 2-1-1 regimen; (3) the four-dose regimen; and (4) the four-site regimen of intradermal injections. The 2-1-1 regimen was first examined by Vodopija in 1986 and was recommended by the WHO in 1992 6, 7 ; many clinical studies have demonstrated that this regimen is safe and generates robust antibody responses. [8] [9] [10] [11] The Essen regimen for PEP was the only regimen used in China until 2010 when the State Food and Drug Administration (now known as the China Food and Drug Administration) first approved the use of the 2-1-1 regimen. In 2008, our research group examined the immunogenicity of a Chinese Vero cell-derived rabies vaccine using the 2-1-1 regimen. 12 The clinical results indicated that, consistent with findings regarding the 2-1-1 regimen from prior research results in other countries, the induced neutralizing antibody (NAb) concentrations satisfied the standards established by the WHO by 14 d after immunization. In particular, the antibody titers reached the protective level of 0.5 IU/ml, as determined by the rapid fluorescent focus inhibition test (RFFIT) or the fluorescent antibody virus neutralization (FAVN) assay. 13 At this time point during the vaccination regimen, the third injection of the immunization had not yet been performed. Therefore, we speculate that if the third injection of the 2-1-1 regimen were eliminated, thereby simplifying this procedure to a 2-1 regimen, the NAb titers may still reach ≥0.5 IU/ml as determined by the RFFIT. Because the 2-1 regimen requires only two clinic visits and three injections, the use of this regimen could significantly reduce rabies vaccination costs and improve compliance. Therefore, in this study, to provide a basis for future investigations into a more economical regimen, we inoculated volunteers with purified Vero cell rabies vaccine (PVRV) manufactured in China to evaluate the immunogenicity and safety of the 2-1 IM regimen. Moreover, the results of this regimen were compared with the Essen regimen.
Results
Basic characteristics of the research subjects A total of 181 subjects were the veterinary school students and were divided into two groups by using cluster sampling random method. The age distributions of the subjects in the two groups were relatively similar. Males were 34% of group A and 44% of group B ( Table 1) . Most of the research subjects were able to complete the rabies vaccinations and safety observations specified by each immunization regimen.
Safety observations
No subjects exhibited immediate reactions within the 30 min following their vaccinations. Certain subjects experienced local and systemic reactions at 72 h after inoculation; these reactions were generally minor and primarily consisted of itchiness and pain at the inoculation sites. Several subjects exhibited inflammation, scleroma, and/or lymph node swelling. In addition, after the first inoculation, a small number of subjects experienced transient increases in body temperature (to 37.4-38.1 °C), fatigue, and/ or headache. After 72 h of observation, the aforementioned symptoms all spontaneously subsided without requiring medical treatment. During the entire observation period, no abnormal reactions or moderate to severe adverse reactions were observed. There was no significant difference between groups A and B with respect to the rate of adverse events after each vaccination ( Table 2) .
Results of the rabies NAb assays A total of 1086 blood sampling events were scheduled during the course of the study; 919 blood samples were obtained as planned, whereas 167 blood samples were not obtained. Samples were unable to be obtained primarily because of poor compliance by the control group at D180 and D360 during the follow-up period. The NAb titer was detected using the RFFIT method. At D0 prior to immunization, all study subjects exhibited geometric mean titers (GMTs) <0.05 IU/ml, indicating that none of these subjects had previously been inoculated against rabies. At D14 after the immunization, all study subjects exhibited NAb titers >0.5 IU/ml; titers above 0.5 IU/ml were maintained in all subjects through D45 and D180 and then gradually declined. The percentage of patients positive for NAbs in group A and group B on D7 was 88.6% and 87.3%, respectively; the difference between these percentages was not statistically significant (P = 0.545) ( Table 3) . On D360, the percentages of patients positive for NAbs in group A and group B were 93.9% and 100%, respectively; the difference between these percentages was statistically significant (P < 0.01). During the examined period, the GMT was the highest for both groups on D14 (Fig. 1) . Specifically, the GMTs for group A and group B were 21.90 IU/ ml and 19.93 IU/ml, respectively; the difference between these GMT values was statistically significant (P = 0.045). On D45, the GMTs in group A and group B were 8.28 IU/ml and 7.89 IU/ ml, respectively, and the difference in the GMT values between these groups was again statistically significant (P = 0.037). On D7, D180, and D360, there were no statistically significant differences between the two groups with respect to the GMT (P > 0.05) ( Table 3) .
Discussion
In 2010, the following four PEP regimens were recommended by the WHO: the Essen IM regimen, a five-dose regimen that involves the administration of one dose of the vaccine on D0, D3, D7, D14, and D28; the 2-1-1 regimen, a four-dose regimen in which two doses of vaccine are administered on D0 (one dose at each of the two deltoids or the two thighs) followed by one dose of vaccine on D7 and D21; a new four-dose regimen in which four doses of vaccine are administered intramuscularly on D0, D3, D7, and D14; and a two-site intradermal (ID) regimen in which injections of 0.1 ml at two sites (deltoid and thigh) are prescribed on D0, D3, D7, and D28. These recommendations reflect certain adjustments to the four immunization regimens recommended by the WHO in 2007. In particular, a new four-dose regimen was added in 2010. In 2009, experts organized by the American Advisory Committee on Immunization Practices demonstrated that a four-dose regimen, which removed the D28 injection of the Essen regimen, was sufficient for NAb titers to reach effective levels of protection.
14 This four-dose regimen is currently used in the US and results in an annual savings of $1.66 million compared with the Essen regimen. In addition, in 2010, the WHO removed the existing eight-site ID injection regimen from its list of recommended regimens. This eight-site regimen involved more injections and clinic visits than the two-site regimen. 15, 16 The aforementioned adjustments in immunization recommendations by the WHO suggested that rabies immunization regimens will gradually be simplified as rabies vaccine production processes and vaccine efficacy continues to be improved in various countries. Nevertheless, the current immunization regimens recommended by the WHO require at least three to five clinic visits and four to eight injections that must be completed within 14-28 d, which is relatively costly ( Table 4) . To a certain degree, high costs impact vaccination rates and compliance following exposure to rabies, particularly in economically underdeveloped areas that lack convenient methods of transportation. 17, 18 In recent years, the Thai Red Cross Society has conducted new investigations addressing rabies immunization regimens. 19 In particular, this organization has examined an immunization regimen involving 0.1-ml ID vaccine injections near the left and right deltoid and the right and left anterolateral thigh muscle. These injections are completed within one week (the one-week ID schedule) on D0, D3, and D7. This approach is also referred to as the "4-4-4 schedule." The results from investigations of this method have indicated that, similarly to other WHOrecommended PEP regimens, the one-week ID schedule produces sufficient immunological responses, with NAb titers >0.5 IU/ ml at 14 and 28 d after immunization. The advantage of the one-week ID schedule is that it can be completed within seven days; however, the disadvantages of this approach are that four sites are injected during each treatment session for a total of 12 injections. However, this one-week ID schedule should be an excellent complement to previously established ID regimens. Currently, China only uses the Essen and 2-1-1 intramuscular injection regimens, perhaps because intradermal injections require higher technical skills to perform and production of the Chinese rabies vaccine is sufficient to meet the demands. Therefore, manufacturers and clinicians generally are not interested in intradermal injections.
In this study, the RFFIT method was used to test serum samples. Samples that tested positive according to the WHO criteria had serum NAb titers ≥0.5 IU/ml. No significant difference was observed between group A and group B on D7 in terms of seroconversion, indicating that both the 2-1 and Essen regimens may rapidly induce NAb production. Age may have biased these findings because all study subjects were young adults between 18 and 26 y of age. At D14, all subjects exhibited NAb titers that were greater than 0.5 IU/ml, and the GMTs for group A and group B reached 21.90 IU/ml and 19.93 IU/ml, respectively; the difference between these two groups was statistically significant. The results suggest that the injection of a double dose on D0 and a single dose of vaccine on D7 induces equal or better early immunological efficacy than one dose of vaccine on D0, D3, and D7. These results are similar to the findings of other studies. 12 Moreover, a significant difference in NAb titers was observed between group A and group B on D14 and D45, perhaps indicating that it is provide additional doses on D14 and D28, respectively, under ESSEN regimen. High NAb levels persist in the 2-1 treatment group until D45 and D180 (100% of subjects had NAb titers >0.5 IU/ml). These immunogenicity data are similar to those observed in the control group, which received a five-injection regimen. On D360, the differences between the two groups with respect to rates of positive NAb results were statistically significant. This may be due to insufficient D360 samples from subjects who received the fiveinjection regimen; alternatively, this result may indicate that the long-term persistence of immunity was slightly reduced following the 2-1 regimen compared with the five-injection regimen. Therefore, clinical research is needed to compare these regimens.
In terms of safety, the study data demonstrated that there were no significant differences between the two groups with respect to the rates of adverse events. The observed local adverse events and systemic reactions were mild, and no drug treatment was required to treat any of these events. Thus, the tested regimens are generally safe.
However, this study did have several limitations. First, no control group included vaccine combined with RIG. However, according to the "4-4-4" research results, there was no significant suppressive effect due to the four-site intradermal regimen when used with RIG. Second, all of the study subjects were young adults between 18 and 26 y of age; thus, no research data from other age groups were obtained.
In summary, the advantages of the 2-1 regimen are evident, and this regimen demonstrates the same safety and immunogenicity profile as the control five-injection regimen. Moreover, the 2-1 regimen is more convenient and simple than the other immunization regimens currently being used in various countries. The complete immunization process requires only two clinic visits and is completed within one week. In addition, relative to the other available treatments, patient distress is minimized by the 2-1 regimen, which utilizes only three injection sites during the entire regimen. Thus, this regimen may also reduce the probability of developing adverse reactions following vaccination. Based on calculations of the direct and indirect costs of rabies immunization in China, the five-injection regimen costs $112 per patient, whereas the 2-1-1 and 2-1 regimens cost $80 and $52 per patient, respectively. Currently, an average of ~14 million patients receive rabies immunizations each year in China. Therefore, adopting the 2-1 procedure could save approximately $316 million plus the cost of clinic visits. 20 Otherwise, the 2-1-1 regimen is much simpler than the Essen regimen. Because the RIG cost is high (average $ 190-320 per patient), no matter whether 2-1-1 or the Essen regimen is administered with RIG, it rarely can be accepted by patients. If vaccination costs can be reduced more, the acceptability of the RIG should be improved. The use of the 2-1 regimen could not only reduce the personal economic burden of rabies immunization but also improve rabies immunization rates and patient compliance with the immunization procedures. However, because we have only described a preliminary study, it is necessary to continue to assess the immunological efficacy of the 2-1 IM regimen before making a recommendation to change the current immunization protocols.
Materials and Methods
This study was conducted in immunization clinics of the Guangzhou Center for Disease Control and Prevention from June 2010 to December 2011. Guangzhou, located in the Tropic of Cancer, is the largest trading city in southern China. 21 This research was approved by the medical ethics committee of the Guangzhou Center for Disease Control and Prevention, and each volunteer for this study signed an informed consent form.
Vaccines Purified Vero cell rabies vaccines were produced in China by Liaoning Cheng Da Biotechnology. These vaccines were produced by inoculating the Pasteur PV-2061-fixed rabies virus into Vero cells in a bioreactor. The vaccine potency was 5.5 IU/ dose. The vaccine used in this study originated from normal commercial circulation and were produced in the same lot (Lot number 20101001-1). Research subjects A total of 181 research subjects participated in this study. All subjects were healthy volunteers who provided informed consent and were required to satisfy strict screening criteria. These screening criteria included the absence of fever, alcoholism, pregnancy, diabetes, anemia, kidney disease, liver disease, or other chronic diseases; no blood sampling difficulties; and no history of rabies vaccination. In addition, subjects were excluded from the study if they had been treated with immunization inhibitors (such as various hormones and anti-cancer drugs), had been inoculated with other vaccines, or had received passive immunization within the previous month. Subjects were also required to be capable of complying with a one-year follow-up schedule for inoculation, blood sampling, and safety observations.
Experimental design
Group A, the experimental group, included 79 subjects (27 males and 52 females; subjects were between 19 and 23 y of age). All study subjects were the veterinary school students, who were divided into two groups according to the class by using cluster sampling random method. The 2-1 regimen was used to vaccinate these subjects. On D0, the subjects received two intramuscular injections, with one dose of the vaccine injected into the deltoid muscle of each upper arm; on D7, one intramuscular injection was administered into the deltoid muscle of an upper arm. Thus, these subjects received a total of three doses of the vaccine.
Group B, the control group, included 102 subjects (45 males and 57 females; subjects were between 18 and 26 y of age). The five-injection Essen regimen was used to vaccinate these subjects. Thus, one dose of the vaccine was injected into a deltoid muscle of an upper arm on D0, D3, D7, D14, and D28. These subjects received a total of five doses of the vaccine.
Neither group of subjects received injections of rabies immunoglobulin.
Safety observation
Prior to each vaccination, the subject's body temperature was measured. Immediate reactions within 30 min following the vaccination and local or systemic reactions during the first 72 h post-immunization were monitored and evaluated in accordance with the "Clinical Study Guidelines for Adverse Effects Evaluation of Prophylactic Vaccine" (Chinese State Food and Drug Administration, 2005). Fevers were graded as follows: mild (37.1-37.5 °C), moderate (37.6-39 °C), and severe (>39 °C). The severity of the adverse effects was graded as follows: mild, with transient (<48 h) discomfort requiring no medical care; moderate, restricting daily activities but requiring no or minimal medical intervention; severe, seriously restricting daily activities and requiring routine care, medical care or even hospitalization; and life-threatening, extremely restricting daily activities and requiring specific care, medical treatment and hospitalization.
Blood sampling times and serum NAb assays Blood sampling occurred prior to immunization on D0 and after the immunizations on D7, D14, D45, D180, and D360. Rabies NAb titers in the sera were measured under masked conditions using the RFFIT, 22, 23 which was performed at the Institute for Viral Disease Control and Prevention of the Chinese Center for Disease Control and Prevention. According to WHO recommendations (WHO, 1992), subjects were considered to have seroconverted for rabies NAbs if they achieved a RFFIT titer ≥0.5 IU/ml.
Statistical analysis
This research was a randomized, single-center study, and the analyst was single-blinded. The SPSS 11.5 statistical software package was used for all analysis. The GMTs of NAbs for the two groups were compared using t tests with P < 0.05 as the threshold for statistical significance. Based on the WHO standard, a rabies NAb titer of ≥0.5 IU/ml was regarded as a positive immunization result. Chi-square tests were used for comparisons between the two groups with respect to the rates of adverse events and positive NAb results after immunization.
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